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TITLE 

RECEIVER AND TRANSMITTER IN A TRANSMISSION SYSTEM 
5 BACKGROUND OF THE INVENTION 

Field of the Invention: 

The Invention relates to a semiconductor circuit, more 
particularly to the transmitting and reading of signals over 
10 long distances or heavy load transmission. It is suitable for 
the driver and sense amplifier or logic circuit etc. of a 
normal semiconductor memory circuit and can achieve the 
advantages of high speed and low power transmission. 

15 Description of the Prior Art: 

The development of semiconductor manufacturing processes 
has lead to decreasing device size. This trend decreases the 
gate delay of the integrated circuit. On the other hand, more 
and more devices are integrated in the same chip, for example 

20 the system-on-a-chip (SOC) . This trend increases the length 
of the interconnection between devices become longer as the 
chip becomes larger. This results in longer delay for 
interconnections. Therefore, how to maintain the 
characteristic of high-speed transmission in large integrated 

25 circuits is an important field of study. Furthermore, the 
increasing number of transistors and devices in large 
integrated circuits makes the problem of power consumption a 
serious issue. 

The invention proposes solutions to the problems of the 
30 transmission speed and power consumption in integrated 
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circuits. More particularly, it targets the transmission 
conditions of the transmitter and the receiver of a 
transmitting structure. The transmitter is the source 
terminal of logic signals and the receiver is the destination 
5 terminal of logic signals. In the following description, the 
sense amplifier is given as the main example of the receiver. 
For example, the sense amplifier in the memory integrated 
circuit is a device used for receiving small signals from bit 
lines; and the transmitter is the signal driver. There are 
10 many patent publications (for example, US Patent Nos . 

3,879,621; 4,843,264; 4,910,713; 5,079,745; 5,253,137; 
5,534,800; 5,668,765) and technical documents discussing this 
technology, so it will not be described in detail here. 

15 

SUMMARY OF THE INVENTION 

The object of the invention is to provide a signal 
transmission structure in which the signal transmitter and 
receiver used not only achieve high-speed transmission but 
20 also reduce the power consumption required during 
transmission. 

According to the above object, the invention provides a 
signal receiver which can receive a pair of differential 
signals by using an external differential input terminal. The 

25 signal receiver includes a positive feedback differential 
amplifier, a coupling circuit and a pre-charger. The positive 
feedback amplifier has a differential input terminal and a 
differential output terminal . The coupling circuit couples 
between the external differential input terminal, the 

30 differential input terminal and the differential output 
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terminal, and is used to couple the differential input signal 
pair of the external differential input terminal to the 
differential input terminal. The pre-charger is used to pre- 
charge the differential input terminal to a predetermined 
5 voltage. Before the first time point, the corresponding 
signal terminals between the differential input terminal and 
the external differential input terminal are coupled. After 
the first time point, the differential input signal pair 
enters into the differential input terminal of the positive 

10 feedback differential amplifier via the coupling circuit. At 
the second time point , a predetermined period after the first 
time point, the positive feedback differential amplifier is 
turned on to amplify the entered differential input signal 
pair and output it to the differential output terminal. 

15 The coupling circuit is comprised of a first coupling 

circuit and a second coupling circuit. The first coupling 
circuit is comprised of a first transistor and a second 
transistor. The gates of the first transistor and the second 
transistor are coupled together and are connected to the 

20 first signal terminal of the differential output terminal. 
The source terminals of the first transistor and the second 
transistor are coupled and connected to the first signal 
terminal of the differential input terminal. The drain of the 
first transistor is the first signal terminal of the external 

25 differential input terminal. The second coupling circuit is 
comprised of a third transistor and a fourth transistor. The 
gates of the third transistor and the fourth transistor are 
coupled and connected to the second signal terminal of the 
differential output terminal; the sources of the third and 

30 fourth transistor are coupled and connected to the second 
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signal terminal of the differential input terminal; and the 
drain of the third transistor is the second signal terminal 
of the external differential input terminal. 

Furthermore, the first coupling circuit and the second 
5 coupling circuit can also be comprised of capacitors. For 
example, the first coupling circuit is comprised of a first 
capacitor of which one terminal is coupled to the first 
signal terminal of the external differential input terminal, 
and a fifth transistor of which the gate is connected to the 

10 first signal terminal of the differential output terminal and 
the drain is connected to the other terminal of the first 
capacitor and the first signal terminal of the differential 
output terminal . The second coupling circuit is comprised of 
a second capacitor of which one terminal is coupled to the 

15 second signal terminal of the external differential input 
terminal; and a sixth transistor of which the gate is 
connected to the second signal terminal of the differential 
output terminal and the drain is connected to the other 
terminal of the second capacitor and the second signal 

20 terminal of the differential input terminal. 

In addition, the pre-charger can include a first local 
control transistor of which the gate connects a first control 
signal is used to pre-charge the first signal of the 
differential input terminal to the predetermined voltage 

25 before the first time point and is turned off after the first 
time point; and a second local control transistor of which 
the gate is connected to the first control signal is used to 
pre-charge the second signal terminal of the differential 
input terminal to the predetermined voltage before the first 

30 time point and is turned off after the first time point. 
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Before the first time point, the external differential input 
terminal is pre -charged to the predetermined voltage; the 
positive feedback differential amplifier is controlled by a 
second control signal, which is used to define the second 
5 time point. Furthermore, the pre-charger can also include a 
third local control transistor of which the gate is connected 
to the second control signal, and the source and drain are 
connected to the first signal and second signal of the 
differential input terminal, respectively, said second 

10 control signal being used to define the second time point. 

Furthermore, the present invention also provides a 
signal receiver which receives an independent input signal 
through an external input terminal, and includes a positive 
feedback differential amplifier, a coupling circuit and pre- 

15 charger. The positive feedback differential amplifier has a 
differential input terminal and a differential output 
terminal. The coupling circuit is coupled between the 
external input terminal, the differential input terminal and 
differential output terminal, and couples the independent 

20 input signal of the external input terminal to the 
differential input terminal. The pre-charger is used to pre- 
charge the differential input terminal to a predetermined 
voltage. Before the first time point, the corresponding 
signal terminal of the differential input terminal is coupled 

25 to the external input terminal; after the first time point, 
the independent input signal enters into the differential 
input terminal of the positive feedback differential 
amplifier via the coupling circuit; at a second time point, a 
predetermined period after the first time point, the positive 

30 feedback differential amplifier is turned on for amplifying 
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the independent input signal and outputting it to the 
differential output terminal . 

Furthermore, the present invention also provides the 
corresponding signal transmitter for transmitting a 
5 differential input signal pair to the transmission line via 
the external differential output terminal. The signal 
transmitter is comprised of a transistor control circuit 
controlled by a first control signal. The first control 
signal is used to define a first time point. Before the first 

10 time point, the transmission line is pre-charged to a 
predetermined voltage through the external differential 
output terminal; after the first time point, the differential 
input signal pair is equivalently transmitted to the 
transmission line. 

15 The transistor control circuit can be coupled to the 

external differential output terminal by carrying out a 
static circuit, for example, a differential circuit, and is 
controlled by the first control signal. The differential 
circuit includes a dynamic load. The dynamic load is 

20 controlled by the first control signal and operates opposed 
to the differential circuit for pre-charging the transmission 
line to a predetermined voltage. In addition, the transistor 
control circuit can also include a differential circuit and 
is coupled to the external differential output terminal and 

25 controlled by the first control signal. The differential 
circuit includes a fixed load for pre-charging the 
transmission line to a predetermined voltage. 

Furthermore, the transistor control circuit can be 
implemented by a dynamic circuit, including, for example, a 

30 first logic gate and a second logic gate. The first logic 
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gate's input terminal is connected to the first control 
signal and the first signal of the differential input signal 
pair, and its output terminal is connected to the first 
signal terminal of the external differential output terminal, 
for pre-charging the corresponding transmission line to the 
predetermined voltage via the first signal terminal of the 
external differential output terminal before the first time 
point. After the first time point, the first signal of the 
differential input signal pair is equivalently sent to the 
corresponding transmission line. The second logic gate's 
input terminal is connected to the first control signal and 
the second signal of the differential input signal pair, and 
its output terminal is connected to the second signal 
terminal of the external differential output terminal, for 
pre-charging the transmission line to the predetermined 
voltage via the second signal terminal of the external 
differential output terminal before the first time point. 
After the first time point, the second signal of the 
differential input signal pair is equivalently sent to the 
corresponding transmission line. The first logic gate and the 
second logic gate can be NAND gates or NOR gates . 

In addition, the transistor control circuit can 
equivalently cut off the transmitting path of the 
differential input signal pair to the transmission line 
within a predetermined period after the first time point to 
reduce the power consumption. For instance, it can include a 
first differential circuit, wherein its input terminal is 
connected to the first control signal and the external 
differential output terminal, and its output terminal 
generates a feedback signal pair; and a second differential 
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circuit, wherein its input terminal is connected to the first 
control signal, the differential input signal pair and the 
feedback signal pair, and its output terminal is connected to 
the external differential input terminal. The transistor 
5 control circuit can also include a first logic gate, wherein 
its input terminal is connected to the first control signal, 
the first signal of the differential input signal pair and a 
first feedback signal, and its output terminal is connected 
to the first signal terminal of the external differential 

10 output terminal; a second logic gate, wherein its input 
terminal is connected to the first control signal, the second 
signal of the differential input signal pair and a second 
feedback signal, and its output signal is connected to the 
second signal terminal of the external differential output 

15 terminal; a third logic gate, wherein its input terminal is 
connected to the first control signal and the first signal 
terminal of the external differential output terminal, and 
its output generates the first feedback signal; and a fourth 
logic gate, wherein its input terminal is connected to the 

20 first control signal and the second signal terminal of 
external differential output terminal, and its output signal 
is connected to the second feedback signal. 

According to the above, the present invention provides a 
signal transmitting structure which can be placed inside a 

25 chip and include a signal transmitter and a signal receiver 
connected by a transmission line. The signal transmitter 
sends a differential input signal pair to the transmission 
line through its external differential output terminal, the 
signal receiver receives the differential input signal pair 

30 through the external differential input terminal. The signal 

-8- 
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transmitter includes a transistor control circuit controlled 
by a first control signal. The first control signal defines 
the first time point for pre-charging the transmission line 
to a predetermined voltage via the external differential 
output terminal before the first time point, and equivalently 
sending the differential input signal pair to the 
transmission line after the first time point. The signal 
receiver is comprised of a positive feedback differential 
amplifier with a differential input terminal and a 
differential output terminal; a coupling circuit coupled 
between the external differential input terminal, the 
differential input terminal and the differential output 
terminal for coupling the differential input signal pair of 
the external differential input terminal to differential 
input terminal; and a pre -charger for pre-charging the 
differential input terminal to the predetermined voltage. 
Before the first time point, the corresponding signal 
terminals of the differential input terminal and external 
differential input terminal are coupled; after the first time 
point, the differential input signal pair enters into the 
differential input terminal of the positive feedback 
differential amplifier via the coupling circuit, and at the 
second time point, a predetermined period after the first 
time point, the positive feedback differential amplifier is 
turned on for amplifying the entered differential input 
signal pair and outputting it to the differential output 
terminal . 



BRIEF DESCRIPTION OF THE DRAWINGS 

The following detailed description, given by way of 
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example and not intended to limit the invention solely to the 
embodiments described herein, will best be understood in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a circuit diagram of a signal receiver in 
5 accordance with the first embodiment of the present 
invention; 

Fig. 2 is a circuit diagram of a signal receiver 
complementary to that in Fig. 1 in accordance with the first 
embodiment of the present invention; 
10 Fig. 3 is a diagram of the signal waveforms 

illustrated in Fig. 1 in the first embodiment of the present 
invention; 

Fig. 4 is a diagram of the signal waveforms 
illustrated in Fig. 2 in the first embodiment of the present 
15 invention; 

Fig. 5a- 5d are diagrams showing the structures of the 
signal transmitters constructed by dynamic circuitry in 
accordance with the first embodiment of the present 
invention; 

20 Fig. 6a and 6b are diagrams showing the structures of 

the signal transmitters constructed by static circuitry in 
accordance with the first embodiment of the present 
invention; 

Fig. 6c and 6d are diagrams of the signal waveforms 
25 illustrated in Fig. 6a and 6b; 

Fig. 7a illustrates a circuit diagram of the signal 
receiver in accordance with the second embodiment of the 
present invention; 

Fig. 7b is a diagram of the signal waveforms 
30 illustrated in Fig. 7a; 
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Fig. 8a illustrates a circuit diagram of the signal 
receiver in accordance with the third embodiment of the 
present invention; 

Fig. 8b is a diagram of the signal waveforms 
illustrated in Fig. 8a; 

Fig. 9a illustrates a circuit diagram of the signal 
receiver in accordance with the fourth embodiment of the 
present invention; 

Fig. 9b is a diagram of the signal waveforms 
illustrated in Fig. 9a; 

Fig. 10a illustrates a diagram of the structure of the 
self-isolated signal transmitter constructed by dynamic 
circuitry in accordance with the fifth embodiment of the 
present invention; 

Fig. 10b is a diagram of the signal waveforms 
illustrated in Fig. 10a; 

Fig. 11a illustrates a diagram of the structure of the 
self-isolated signal transmitter constructed by static 
circuitry in accordance with the fifth embodiment of the 
present invention; and 

Fig. lib is a diagram of the signal waveforms 
illustrated in Fig. 11a. 

DETA-ILED DE SCRIPTION OF THE INVENTION 

The present invention discloses a new signal 
transmitting structure, wherein the signal -transmitting 
terminal transmits the signal to be transmitted to the signal 
receiver at high speed, and the power consumption is reduced 
during the transmission. In the following embodiments, the 
types of signal driver and sense amplifier are described. 
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However, it should be apparent to the skilled in the art that 
the same principle can be applied to other transmitting 
environments without departing from the scope of the present 
invention . 

First Embodiment: 

Fig.l illustrates the circuit diagram of the signal 
transmitting structure according to the first embodiment of 
the present invention. Numeral 10 represents the signal 
receiver of the signal transmitting structure, i.e., the 
sense amplifier. In short, transistor P7 and transistor P8 
are signal transmitters of the signal transmitting structure 
in a simple view. The signal driver, the detailed circuit 
will be described later. Transistor P7 and transistor P8 
representing the signal transmitters transmit a differential 
signal pair to signal receiver 10 via transmission line 1 and 
2. In this embodiment, if the lengths of transmission line 1 
and transmission line 2 are very long, thereby increasing the 
RC delay, the speed at which the transmitter transmits the 
signal to the receiver in the conventional environment 
becomes very slow. In the following description, in order to 
explain more clearly the characteristic of the transmission 
line 1 and transmission line 2, the output terminals of 
signal transmitter (for example, the transistor P7 and P8)are 
labeled OUT and OUT , and the input terminals of the signal 
receiver 10 are labeled II and 12 respectively. 

In the signal receiver 10, PMOS transistors P0, PI and 
P2 and NMOS transistors N9 and N10 comprise a positive 
feedback differential amplifier. The gate of the transistor 
P0 is connected to the control signal 02; transistors PI and 
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P2 are interconnected, resulting in positive feedback; the 
drains of the transistors N9 and N10 are connected to 
transistors PI and P2 , and act as differential output 
terminals 01 and 02; and the gates of the transistors N9 and 

5 N10 act as differential input terminals IA and IB of the 
positive feedback differential amplifier. 

Furthermore, PMOS transistor P3 and NMOS transistor Nil 
comprise a coupling circuit. The gates of transistors P3 and 
Nil are connected, and are connected to differential input 

10 terminal IA. The source of the transistor P3 acts as input 
terminal II. The gates of the transistors P3 and Nil are 
connected, and are connected to the differential output 
terminal 01. Similarly, PMOS transistor P4 and NMOS 
transistor N12 comprise another coupling circuit. The drains 

15 of the transistors P4 and N12 are connected, and are 
connected to the differential input terminal IB. The source 
of the transistor P4 acts as input terminal 12 . The gates of 
the transistors P4 and N12 are connected, and are connected 
to the differential output terminal 02 . 

20 Furthermore, PMOS transistors P5 and P6 act as a pre- 

charging circuit, pre-charging the differential input 
terminals IA and IB respectively. The gates of the 
transistors P5 and P6 are connected to the control signal 01. 
When the control signal 01 is at logic "0", transistors P5 

25 and P6 conduct, thereby pre-charging the differential input 
terminals IA and IB to VDD . On the other hand, the 
transistors P7 and P8 acted as signal transmitter are also 
controlled by the control signal 01. When the control signal 
is at logic w 0" , transistors P7 and P8 conduct, thereby pre- 

30 charging input terminals OUT and OUT to VDD. 
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The signal transmission structure includes control 
signal 01 and 02, the signal waveforms of which are shown in 
Fig. 3, wherein the rising edge of the control signal 01 and 
the falling edge of the control signal 02 are spaced apart by 
time At. 

Fig. 3 is the schematic diagram of the signal waveforms 
of the signal transmitting structure according to the first 
embodiment of the present invention, which includes the 
control signal 01 and the control signal 02, input terminals 
11/12, differential input terminals IA/IB and differential 
input terminals 01/02. The operation of the signal 
transmitting structure of this embodiment is described in 
detail in conjunction with Fig. 1 and Fig. 3. 

First, at the first time point, the control signal 01 
becomes logic "0", and the control signal 02 becomes logic 
"1", the transistors P7 and P8 (signal transmitter) and 
transistors P5 and P6 (pre-charging circuit) conduct. 
Therefore, input terminals 11/12 will be pre-charged to VDD 
via the transistors P7 and P8 and transmission lines 1 and 2. 
Similarly, the differential input terminals IA/IB can also be 
pre-charged to VDD via the transistors P5 and P6 . On the 
other hand, since the control signal 02 is at logic "1", 
transistor P0 is turned off, i.e., the positive feedback 
differential amplifier (including P0, PI, P2 , N9, N10) is 
disabled. However, because the differential input terminals 
IA/IB are pre-charged to VDD, transistor N9 and N10 will 
conduct. In other words, the transistors N9 and N10 in 
conducting state will construct the path to differential 
output terminals 01/02 for ground discharging, so the 
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differential input terminals 01/02 will discharge to logic 
"0" . At this point, transistors P3 and P4 in coupling path 
will conduct, enabling the input terminals 11/12 and 
differential input terminals 01/02 to become coupled and 
conduct. However, the transistors Nil and N12 are turned 
off; therefore, there is no DC current. Furthermore, in the 
process of pre-charging, since transistors P3 and P4 conduct, 
the input terminals 11/12 and the differential input 
terminals I A/ IB become coupled together. However, since the 
transistors Nil and N12 are turned off, the complete pre- 
charging process does not include any DC current, thereby 
reducing the power consumption. 

Next, at the time point T2 (the first time point), the 
control signal becomes logic "1"; therefore, transistors P5- 
P8 are turned off. The output terminals OUT and OUT of the 
signal transmitter start to send signals. On the other hand, 
the input terminals 11/12 of the signal receiver 10 start to 
evaluate. Since the transmitted signal is a differential 
signal, it is at logic "1" at one terminal and logic "0" at 
the other terminal. However, due to the length of the 
transmission lines 1 and 2, the change of the logic signal is 
slow. Given the input terminals 11/12 # it must be at logic 
"1" (the pre-charging voltage at one end) and falling 
gradually to logic "0". On the input terminals 11/12, a 
predetermined time (i.e., A t in this embodiment) must pass 
to receive the differential signal pair with a voltage 
difference Av. Meanwhile, the differential signal pair with 
voltage difference AV at the input terminals will be coupled 
to the differential input terminals (IA/IB) via transistors 
P3 and P4. Next, at the time point T3 (the second time 
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point), the control signal 02 becomes logic "0", so the 
transistor P0 conducts, and the positive feedback 
differential amplifier is enabled. Since there is voltage 
difference Av on the differential input terminals IA/IB, the 
5 positive feedback differential amplifier will amplify this 
voltage difference A V, i.e. pull the differential output 
terminals 01/02 to VDD or GND. Meanwhile, the changed 
differential output terminals 01/02 level will make the 
differential input terminals IA/IB with only voltage 

10 difference A V quickly become the logic signal with normal 
level, thereby the transmitted signal pair can be 
successively received. 

This transmission operation will be explained by an 
actual example. Assume before the time point T2, input 

15 terminals 11/12 and differential input terminals IA/IB are 
pre-charged to VDD, i.e. system high voltage. At time point 
T3 , when the differential signal results in a voltage 
difference AV on the input terminals 11/12 in At, assume the 
transmitted signal via the transmission line 1 is logic "1", 

20 and the transmitted signal via the transmission line 2 is 
logic "0", thereby maintaining the original pre-charge 
voltage VDD on the input terminal II, and VDD- A V on the 
input terminal 12. Similarly, the voltage of the input 
terminal II will be coupled to the differential input 

25 terminal IA, and the voltage of the input terminal 12 will be 
coupled to differential input terminal IB. After the time 
point T3, the positive feedback differential amplifier is 
enabled, making the differential output terminal 01 remain at 
the logic "0" in pre-charging period (i.e., GND), while the 
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differential output terminal 02 needs to be raised to logic 
"1" (i.e., VDD) . For differential output terminal 01, since 
it remains at logic "0", the transistor Nil will not conduct. 
At the same time, the corresponding differential input 
terminal IA still remains at the original pre-charge voltage 
VDD, i.e., logic "1". On the other hand, since differential 
input terminal 02 needs to be raised to logic "1", when its 
voltage rises sufficiently to conduct transistor N12, the 
transistor N12 will construct the discharge path of the 
differential input terminal IB, making the differential input 
terminal IB soon becomes logic "0". Affected by the operation 
of the positive feedback and differential input terminal 
becoming logic "0", the differential output terminal 02 can 
achieve the normal level of logic "1" quickly in this 
embodiment. To this end, the operation of transmission 
evaluation is completed. It should be understood that the 
coupled circuit transistors P3 and Nil on the input terminal 

11. Since the differential input terminal 01 still remains 
at logic "0", the transistor P3 will conduct and the 
transistor Nil will be turned off. On the other hand, the 
coupled circuit transistors P4 and N12 on the input terminal 

12. Since the differential output terminal 02 is raised to 
logic ,x l", transistor p4 is turned off, isolating the input 
terminal 12 and differential input terminal IB, and 
transistor N12 will conduct, making the differential input 
terminal IB discharge to GND quickly. 

The signal transmitting structure of the embodiment has 
many advantages. First, the transistors Nil and N12 of the 
positive feedback differential amplifier and the ground 
terminal are not connected in series. Thus, the equivalent 
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pull down transistor is small, and it can detect quickly the 
small voltage difference of the differential input terminals 
IA and IB and convert it to the current difference. 
Furthermore, differential output terminals 01 and 02 and 
differential input terminals II and 12 are not connected. In 
other words, only a tiny voltage difference is needed on the 
differential input terminals II and 12 to generate a 
receiving differential signal of full amplitude on the 
differential output terminals 01 and 02. In addition, input 
terminals II and 12 and differential input terminals IA and 
IB are isolated by transistors; therefore, there is no DC 
current, and in the process of positive feedback the load of 
differential input terminals IA and IB can be reduced, and 
the input terminals IA or IB which are pre -charged to VDD can 
be quickly pulled down to 0V. The most important advantage is 
that it only needs a very small voltage difference to recover 
to the required receiving transmitting signal. In addition, 
there is no DC current in this process, thereby reducing the 
power consumption. 

Fig. 2 shows another circuit diagram of the signal 
transmitting structure according to the first embodiment of 
the present invention. The basic structure is the same as 
that of Fig. 1, except that the transistor used and polarity 
arrangement are complementary. In the signal receiver 20, 
NMOS transistors NO, Nl and N2 and PMOS transistors P9 and 
P10 comprise a positive feedback differential amplifier. The 
gate of transistor NO is connected to the control signal 02'; 
transistors Nl and N2 are interconnected, resulting in 
positive feedback operation; the drains of the transistor P9 
and P10 are connected to the transistors Nl and N2 below, to 
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act as differential output terminals 01' and 02'; the gates 
of the transistors P9 and P10 act as the differential input 
terminals IA' and IB' of the positive feedback differential 
amplifier. NMOS transistor N3 and PMOS transistor Pll 
comprise a coupling circuit. The drains of the transistors N3 
and Pll are connected, and are connected to the differential 
input terminal IA' ; the source of the transistor N3 becomes 
input terminal II'; the gates of transistors N3 and Pll are 
connected and are connected to the differential output 
terminal 01' . The NMOS transistor N4 and PMOS transistor P12 
also comprise another coupling circuit. The drains of NMOS 
transistors N4 and P12 are connected and are connected to the 
differential input terminal IB' ; the source of the transistor 
N4 acts as input terminal 12'; and the gates of transistors 
N4 and P12 are connected and are connected to differential 
output terminal 02'. Furthermore, the NMOS transistors N5 and 
N6 act as pre-charging circuit, pre-charging differential 
input terminals IA' and IB' . The gates of transistors N5 and 
N6 are connected to the control signal 01', and the 
transistors N7 and N8 acting as signal transmitter are also 
controlled by the control signal 01' . 

Fig. 4 shows the schematic diagram of the signal 
waveforms in the signal transmitting structure, the waveforms 
are basically the same as those of Fig. 3, the only 
difference being the signal polarity. Therefore, the same 
principles of operation described above apply and will not be 
described again here. However, it should be noted that pre- 
charging voltage of Fig. 1 is VDD, i.e., logic "1", and the 
pre-charging voltage of Fig. 3 is GND (0V) , i.e., logic "0" . 
Since the pre-charge voltage is related to the sent voltage 
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value of the signal transmitter during the pre -charging 
period, the two voltages need to be distinguished when 
subsequently describing the signal transmitter. 

Next, the signal transmitter circuit used in this 
5 embodiment will be described. In the Fig. 1 and Fig. 3, 
transistors P7/P8 and transistors N7/N8 only show the 
operation of the signal transmitter, and are not the real 
applied circuit. The signal transmitter of this embodiment 
needs to have the following operation: (1) during the pre- 
10 charging period (i.e., the control signal 01 of Fig. 1 is 
"0", and control signal 01 of Fig. 2 is "1"), the signal 
transmitter must send the corresponding pre-charge voltage to 
transmission line; in Fig. 1, the pre-charge voltage is VDD; 
In Fig. 2, the pre-charge voltage is GND (0V) ; (2) after the 
15 control signal 01 changes logic level, the signal transmitter 
must start sending the transmitting signal to be transmitted 
to the transmission line. 

In this embodiement, the dynamic circuit and static 
circuit are described. First, the dynamic circuit is 
20 described. Fig. 5a-5d show the schematic diagram of the 
circuit of the signal transmitter structure constructed by 
the dynamic circuit in this embodiment, wherein the signal 
transmitters of Fig. 5b and 5c correspond to the signal 
receiver of Fig. 1, and the signal transmitters of Fig. 5a 
25 and 5d correspond to the signal receiver of Fig. 2. 

Fig. 5c is suitable for the signal transmitter of Fig. 
1. The pre-charge voltage sent is at logic "1", and the 
controllable differential circuit is constructed by PMOS 
transistor P13 and PMOS differential circuit 30, wherein the 
30 gate of transistor P13 is connected to the control signal 
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01' . Furthermore, NMOS transistors N14-N17 and inverters INV1 
and INV2 are variable load, the control of switch is 
controlled by control signal 01', and the timing pulse of 
control signal 01' is that in Fig. 3. When the control signal 
5 01' is at logic 1, the output terminal OUT and OUT send out 
logic "1" for pre-charging . Fig. 5a is suitable for the 
signal transmitter of Fig. 2, the pre-charge voltage sent out 
is at logic "0". NMOS transistor 13 and NMOS differential 
circuit 34 comprise controllable differential circuit, PMOS 

10 transistors P14-P17 and inverters INV3 and INV4 are variable 
load. Transistor N13 and transistors P15 and P16 carry out 
the switch control under the control of the control signal 
01, and the timing pulse of the control signal 01 is that in 
Fig. 4. When the control signal 1 is at logic "0", the 

15 terminal output OUT sends out logic "0" for pre-charging. In 
Fig. 5a and 5c, by the control of the control signal 01' (01) 
on different transistors, there is no DC current in 
operation . 

In contrast, fixed load is used in Fig. 5b and 5d. The 
20 signal transmitter of Fig. 5b corresponds to the signal 
receiver of Fig. 1, wherein the NMOS transistor N2 0 and NMOS 
differential circuit 32 comprise a controllable differential 
circuit, and PMOS transistors P18 and P19 are fixed load. 
Therefore, when the control signal 01 is at logic "0", the 
25 transmission line connected to the output terminal OUT will 
be pre -charged to VDD, and when the control signal 01 becomes 
logic "1", the required transmitting differential signal will 
be sent out to output terminals OUT and OUT . On the other 
hand, the signal transmitter of Fig. 5d corresponds to the 
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signal receiver of Fig. 2, wherein PMOS transistor P2 0 and 
PMOS differential transistor 3 6 comprise the controllable 
differential circuit, and NMOS transistor N18 and N19 are 
fixed load. Therefore, when the control signal 01' is at 
logic "1", the transmission line voltage connected to output 
terminals OUT and OUT will be pulled down to OV, and when 
the control signal 01 becomes logic "0", the required 
transmitting differential signal will be sent out on output 
terminals OUT and OUT . The structure of signal transmitter 
of Fig. 5b and 5d are simpler; however, there is DC current 
so the power consumption is worse. 

In the above, the required signal transmitter is 
comprised of preset circuits, thereby preventing the output 
signal from floating and avoiding noise interference. 
However, by the same principle, a static circuit can be used 
to comprise the required signal transmitter. Fig. 6a shows 
the schematic diagram of the circuit of the signal 
transmitter constructed by a static circuit, corresponding to 
the signal receiver of Fig. 1, and Fig. 6c is the schematic 
diagram of the signal waveforms. In Fig. 6a, the signal to be 
transmitted IN generates the inverting signal through the 
inverter 42, thereby producing the differential signal pair 
to be transmitted. The signal transmitter is comprised of 
NAND gate 40 and NAND gate 41. The two input terminals of 
NAND gate 40 receive the control signals 01 and IN, 
respectively. In this embodiment, the output terminal of 
NAND gate 4 0 is connected to output terminal OUT, and is 
connected to the input terminal II via a very long 
transmission line. The two input terminals of NAND gate 41 
receive control signal 01 and IN respectively. The output 
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terminal of NAND gate 41 is connected to output terminal 
OUT , and is connected to input terminal 12 via a very long 
transmission line. 

Referring to Fig. 6c, the operation of the signal 
5 transmitter can be described as follows. When the control 
signal 01 is at logic "0", both NAND gate 40 and NAND gate 41 
are at logic "1", i.e., signal receiver terminals II and 12 
can be pre-charged to VDD through the transmission line. When 
the control signal 01 is at logic "1", the operations of NAND 
10 gate 40 and NAND gate 41 are equivalent to the inverter, so 
the signal on the output terminal OUT is IN, while on the 
output terminal OUT is FN, thus sending the signal pair to 
be transmitted to input terminals II and 12. 

Fig. 6b shows another schematic diagram of the structure 
15 of the signal transmitter constructed by the static circuit 
in this embodiment used together with the corresponding 
signal receiver of Fig. 2. Fig. 6d is the schematic diagram 
of signal waveforms. As mentioned above, the difference 
between the two lies in the difference in the pre-charged 
20 voltage level. In Fig. 6b, the signal IN to be transmitted 
produces its inverting signal IN via the inverter 47. The 
signal transmitter is comprised of NOR gate 45 and NOR gate 
46. The two input terminals of NOR gate 45 receive the 
control signal 01' and signal IN, respectively. The output 
25 terminal of NOR gate 4 5 is connected to output terminal OUT, 
and is connected to input terminal II' via transmission line. 
The two input terminals of NOR gate 46 receive control signal 
01' and signal IN respectively. The output terminal of NOR 
gate 46 is connected to output terminal OUT, and is 



-23- 



Client's ref .: 890014/2000 . 11 . 1 
File: 0356 -5131US/Final/EW/JY 

connected to input terminal 12 through the transmission line. 
Referring to Fig. 6d, when the control signal 01' is at logic 
"1", both NOR gate 45 and NOR gate 46 are at logic "0", i.e., 
the signal receiving terminal II' and 12' can be pre-charged 
5 to 0V through the transmission line. When the control signal 
1 is at logic "0", the operations of NOR gate 45 and NOR 
gate 4 6 are equivalent to the inverter, so the signal on the 
output terminal OUT is IN, on the output terminal OUT is IN, 
i.e., the signal pair to be transmitted is sent to input 

10 terminal II' and 12' . 

It should be noted that, in the signal transmitter, 
before the pre -charge process is complete, the signal IN and 
IN to be transmitted must be in static state. In other 
words, in the process of evaluation, the signal to be 

15 transmitted cannot be varied. The above examples have been 
used in this embodiment for the signal transmitter. However, 
to the skilled in the art, there are other circuit types that 
can achieve the same object without departing from the scope 
of the present invention. 

20 

Second Embodiment : 

In the first embodiment, the corresponding pre-charge 
transistors (for example, P5, P6 of Fig. 1 and N5, N6 of Fig. 
2) area arranged on the differential input terminals IA/IB of 
25 the positive feedback differential amplifier for pre-charging 
the differential input terminals IA/IB to the predetermined 
voltage (for example, VDD of Fig. 1 and 0V of Fig. 2) during 
the pre-charging period. However, setting the differential 
input terminals IA/IB to the predetermined voltage by other 
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methods can also achieve the same object. This embodiment 
discloses another method. 

Fig. 7a shows the circuit of the signal receiver of the 
second embodiment. Fig. 7a is basically the same as Fig. 1 of 
5 the first embodiment, so the same symbols are used for the 
corresponding elements and signals. The main difference lies 
in that the pre-charging transistors P5 , P6 are removed, and 
the differential output terminals 01/02 of the positive 
feedback differential amplifier are coupled to NMOS 
10 transistor N21, wherein its gate is connected to control 
signal 02 . 

Fig. 7b shows the schematic diagram of the signal 
waveforms of the signal receiver of this embodiment, wherein 
the control signal 01 is used to control the pre-charge end 

15 time of the signal transmitter (i.e., the time start to send 
signal) , so it is not shown in Fig. 7a; control signal 02 is 
used to control transistor P0 and transistor N21; 11/12 
represent the input terminals of the signal receiver; I A/ IB 
represent the differential input terminals of the positive 

20 feedback differential amplifier; 01/02 represent the 
differential output terminals of the positive feedback 
differential amplifier. Next, the operation of the signal 
receiver in Fig. 7a is explained in detail in conjunction 
with Fig. 7b. 

25 At time T4 , control signal 02 is at logic "0", so the 

transistor P0 conducts and transistor N21 is turned off, 
i.e., the positive feedback differential amplifier (P0, PI, 
P2 , N9, N10) starts to operate. According to the first 
embodiment, the positive feedback differential amplifier is 

30 at the evaluation stage and will make one of the differential 
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output pairs 01/02 logic "1" (VDD) and the other logic "0" 
(0V) . In the following description, assume the differential 
output terminal 01 is at logic "1" and the differential 
output terminal 02 is at logic "0", though it is understood 
5 that the following operational mode can achieved under other 
conditions. When 01 is "1" and 02 is "0", transistor P3 is 
turned off and transistor Nil is turned on, so the 
differential input terminal IA is at logic "0" and transistor 
N9 is turned off; in addition, the transistor P4 is turned on 

10 and transistor N12 is turned off, so the differential input 
terminal IB is at logic "1" and transistor N10 is turned on. 

At time T5 , when the control signal 02 changes from 0 to 
1, transistor P0 is turned off and transistor N21 is turned 
on, i.e., the positive feedback amplifier does not operate. 

15 At this time, conducting transistor N21 and transistor N10 
can construct a discharging path for differential output 
terminal 01, i.e., the output terminal 01 is discharged from 
logic "1" to logic "0". Next, transistor P3 will be turned on 
and transistor Nil will be turned off. At the same time, 

20 since the control signal 1 is "0", the signal transmitter 
will send out logic "1" to input terminals 11/12, while the 
differential input terminals are raised to logic "1" to 
complete the pre-charging operation. 

As in the first embodiment, at time T6 and T7 , the 

25 signal transmitter starts to send signals and the signal 
receiver starts to evaluate. After the positive feedback 
differential amplifier is turned on, the evaluating operation 
can soon be completed. By repeating the above operations, the 
process of the invention can be continued. 
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The pre-charging operation in this embodiment mainly 
uses the pre-charging voltage sent out by the signal 
transmitter. In other words, in the pre-charging period, the 
differential input terminals 01/02 are pulled to 0V, so as to 
make the transistors P3 and P4 between input terminals 11/12 
and differential input terminals I A/ IB conduct, thereby 
charging them to VDD . It is understood, however, that various 
methods can be used to achieve the object of pre-charging 
without departing from the scope of the invention. It should 
also be noted that if the transistor N21 is comprised of a 
PMOS transistor, this embodiment can also be applied to the 
signal receiver shown in Fig. 2. 

Third Embodiment: 

The first embodiment mainly uses transistor P3 and P4 to 
isolate input terminals 11/12 and differential input 
terminals IA/IB. This embodiment discloses another approach 
to this object. 

Fig. 8a shows the circuit diagram of the signal 
transmission structure according to the third embodiment of 
the present invention. Fig. 8a is essentially the same as the 
Fig. 1 of the first embodiment, so the same symbols are used 
for corresponding elements and signals. The main difference 
is in that capacitors CI and C2 are used here instead of the 
transistor P3 and P4 of the coupling circuit used in Fig. 1. 
The input terminal II and 12 come directly from the 
complementary signals generated by the static circuit. The 
capacitors CI and C2 can couple complementary signals on the 
input terminal II and 12 to the differential input terminal 
IA and IB. On the other hand, capacitors CI and C2 can 
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isolate input terminals 11/12 and differential input 
terminals IA/IB, thereby not only cutting off the DC current 
but also reducing the load of the differential input 
terminals IA/IB. Thus, the voltage of the differential input 
5 terminals IA/IB can be quickly pulled down when the positive 
feedback operates . 

Fig. 8b shows the schematic diagram of signal waveforms 
of the signal transmission structure of this embodiment, 
wherein the control signal 01 is used to control the starting 
10 time to transmit signals in the signal transmitter and the 
pre-charging time of transistors P5, P6 in the signal 
receiver; control signal 2 is used to control the transistor 
P0; and 11/12 represent the input terminals of the signal 
receiver. It should be noted that the input terminals 11/12 
15 in this embodiment are not pre -charged to VDD; I A/ IB 
represent the differential input terminals of the positive 
feedback differential amplifier; and 01/02 represent the 
differential output terminals of the positive feedback 
differential amplifier. 
20 Basically, the operation of this embodiment is the same 

as that of the first embodiment; however, the capacitors CI 
and C2 are used to connect the input terminals II and 12 in 
this embodiment, so the input terminals 11/12 are not pre- 
charged to the pre-charge voltage and receive differential 
25 signals directly. Therefore, before the positive feedback 
differential amplifier starts to operate (i.e., control 
signal 02 is "0") , the signal change on the input terminals 
11/12 is coupled to differential input terminals IA/IB 
through the capacitors C1/C2, and enough voltage difference 
30 is generated on the differential input terminals IA/IB. 
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Control signal 01 is used to control the timing of the signal 
transmitting from the signal transmitting end to positively 
trigger the D type flip-flop 50 of the control output 
differential signal. In Fig. 8b, at time T8 , when control 
signal 01 changes from n 0" to "1", the flip-flop 50 of signal 
transmitter will send the differential signal to be 
transmitted to the transmission line, and will be coupled to 
the differential input terminals IA/IB via the capacitors CI 
and C2. At time t9, when the control signal 02 becomes "0", 
the positive feedback differential amplifier starts to 
evaluate. At this point, there is enough voltage difference 
on the differential input terminals IA/IB to allow the 
positive feedback differential amplifier to complete the 
evaluation quickly and output it to the differential output 
terminals 01/02, and the voltage on the differential input 
terminals IA/IB will be pulled to the corresponding voltage 
value quickly. 

The value of the coupled capacitance of the capacitor 
C1/C2 used in this embodiment needs to be considered when 
coupling the signal on the input terminals 11/12. Enough 
voltage difference must be generated on the differential 
input terminals IA/IB to allow the signal receiver to operate 
normally, while the problem of unmatchedness of elements 
resulting from the change of manufacturing process must be 
considered. In fact, the length of the time interval At and 
the differential signal changing rate of the input terminals 
11/12 also affects the size of voltage difference A V. 
Overall, since the parasitic capacitance on the differential 
input terminals IA/IB is small, and the characteristic of the 
sense amplifier is good, the values of the capacitance CI and 
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C2 are very small. For general CMOS manufacturing, the 
smallest sized MOS capacitor can produce a very large voltage 
difference. Even the parasitic capacitance of the metal 
connecting layer-polysilicon or metal connecting layer-metal 

5 connecting layer is used, the required area is small. 
Therefore, it is easy to produce the required capacitors CI 
and C2 in the standard digital CMOS manufacturing process. 
However, it should be noted that the coupling effect of 
capacitors CI and C2 is only for input terminals II and 12, 

10 so other signal and parasitic effects corresponding to the 
coupling of capacitors CI and C2 should be minimized. 

In this embodiment, the input terminals 11/12 and 
differential input terminals IA/IB are isolated using 
capacitors to achieve the differential signal coupling 

15 effect. However, to the skilled in the art, different methods 
can also be used to achieve the isolating/coupling effect 
without departing from the scope of the invention. Finally, 
this embodiment can also apply to the signal receiver shown 
in Fig. 2 by replacing the transistors N3 and N4 with 

20 capacitors . 

Fourth Embodiment: 

In the above embodiments, signals to be transmitted 
generate differential signals in the signal transmitter and 
25 are then sent to the signal receiver by two transmission 
lines. Actually, a single transmission line can be used to 
transmit independent input signals. This embodiment 

discloses one way to handle this. 

Fig. 9a shows the circuit diagram of the signal 
30 transmitting structure according to the fourth embodiment of 
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the present invention. This embodiment is modified from Fig. 
8a of the third embodiment, but the same principle can be 
applied to the first and the second embodiments. Fig. 9a 
differs from Fig. 8a in that the independent input signal 

5 enters the signal receiver through the input terminal II, and 
the original input terminal 12 is fixedly connected to VDD . 
Capacitor CI is used to couple the independent input signal 
to the differential input terminal IA, and the capacitor C2 
is used to balance the load. 

10 Fig. 9b shows the schematic diagram of the signal 

waveforms of the transmitting structure of this embodiment. 
Here, the independent input signal enters and couples to the 
differential input terminal IA via the input terminal II, 
unlike the third embodiment, both differential input 

15 terminals IA and IB have a coupling voltage. Therefore, to 
generate a sufficient enough voltage difference between input 
terminals IA and IB, it is necessary to increase the 
capacitance values of capacitors CI and C2 or to elongate 
At. Other operations are the same as the third embodiment, 

20 so they will not be described here. 

This embodiment uses a single input terminal II to 
couple the independent input signal. Other operations 
basically are the same as that of the above embodiments, so 
this embodiment can be applied to the first and third 

25 embodiment . 

Fifth Embodiment: 

In the first embodiment, a dynamic circuit and static 
circuit are used to implement the signal transmitter that can 
30 be applied to the first and second embodiment. As mentioned 
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above, this signal transmitter pre-charges the transmission 
line during the pre -charging period to allow the input 
terminals 11/12 connected go to a predetermined voltage, for 
example VDD or OV, and then sends the transmitting 
5 differential signal to the transmission line. Furthermore, 
since the transmission distance is long, the changing rate of 
the transmitting differential signal is slow. Evaluation 
starts at a time which is a period after the signal starts 
transmitting (i.e., At), i.e., using the positive feedback 
10 differential amplifying operation to amplify the small 
voltage difference A V to become a normal logic level. Thus, 
the signal transmitter in the present invention does not need 
to send the complete differential signal to the transmission 
line. The signal receiver only needs to make the voltage 
15 difference A V on the differential input terminals I A/ IB in 
time A t sufficiently large to make the positive feedback 
differential amplifier recover to normal logic. This reduces 
the power consumption when the signal transmitter transmits 
the signal. This embodiment discloses a self - isolated signal 
20 transmitter with this function. 

Fig. 10a shows the schematic diagram of the circuit of 
the self -isolated signal transmitting structure constructed 
by the dynamic circuit according to this embodiment. In Fig. 
10a, transistor P42 , P43 and transistor N44, N45, N47 
25 comprise a first differential circuit, wherein the transistor 
N47 is controlled by the control signal 01, two differential 
input pairs of the first differential circuit (gates of 
transistors P42/P43 and gates of transistors N44/N45) are 
connected to the control signal 01 and output terminals 
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OUT/ OUT . The output terminal of the first differential 
circuit is feedback signal FB/FB. In addition, transistors 
P40, P41 and transistors N40, N41, N42, N43, N46 comprise the 
second differential circuit, wherein the transistor N46 is 
5 controlled by the control signal 01, and the three 
differential input terminal pairs (gates of transistors 
P40/P41, gates of transistors N40/N41, gates of transistors 
N42/N43) are connected to control signal 01, input data IN/ IN 
and feedback signal FB/FB, respectively. The output signal 
10 of the second differential circuit is connected to the output 
terminal OUT / OUT . 

Fig. 10b shows the schematic diagram of signal waveforms 
of the dynamic circuit self -isolated signal transmitter of 
Fig. 10a, and provides the signal waveforms of the 
15 transmitting differential signal on the output terminals 
OUT / OUT of the prior art for comparison. At time T10, when 
the control signal 1 is "0", two differential circuit do not 
operate; however, since the transistor P40 and P41 conduct, 
the transmission line (i.e., signal receiving end) will be 
20 pre-charged to logic "1" through the output terminal 
OUT/ OUT. Because the transistor P42 and P43 are turned on, 
feedback signal FB/FB rises back to logic "1"; therefore, 
transistors N42, N43, N44 and N45 conduct. At time Til, the 
control signal 01 becomes "1", two differential circuits 
25 start to operate. The voltage difference between input data 
IN/IN soon appears on output terminals OUT/ OUT , one of the 
two falling down to 0V (the initial voltage is VDD) . However, 
the output of the ouput terminals OUT/ OUT will be sent to 
the transistors N44 and N45 of the first differential 
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circuit, the feedback voltage FB/FB quickly falls down to OV 
(the initial voltage is VDD) because the load is small, and 
feeds back to the gates of transistors N42/N43 of the second 
differential circuit, turning off the transistors N42 and N43 
5 simultaneously, and cutting off the discharging path on the 
output terminal OUT/ OUT with the decreasing voltage. 
Therefore the voltage difference on the output terminal 
OUT/ OUT is small, achieving the object of self -isolation. 

Instead of using a dynamic circuit to implement the 
10 self-isolated signal transmitter, a static circuit can be 
used. Fig. 11a shows the schematic diagram of the circuit of 
the self -isolated signal transmitting structure constructed 
by a static circuit. As shown in the diagram, the self- 
isolated signal transmitter mainly includes NAND gates 60, 
15 61, 62 and 63, wherein NAND gates 60, 62 are three input 
logic gates, and NAND gates 61, 63 are two input logic gates. 
In addition, inverter 64 is used to generate inverting data 
IN of input data IN. 

The input terminal of NAND gate 60 is connected to 
20 feedback signal FB, input data IN and control signal 01, 
while the output terminal is connected to OUT; the input 
terminal of NAND gate 62 is connected to the feedback signal 
FB, input data IN and control signal 01, while its output 
terminal is connected to OUT; the input terminal of NAND 
25 gate 61 is connected to the control signal 01 and output 
terminal OUT, while its output terminal outputs the feedback 
signal FB; and the input terminal of NAND gate 63 is 
connected to the control signal 01 and output terminal OUT , 
while its output terminal outputs feedback signal FB . 
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Fig. lib shows the schematic diagram of the signal 
waveforms of the static circuit self -isolated signal 
transmitting structure of Fig. 11a. The operation is 
described in detail in conjunction with Fig. lib. When the 
5 control signal 01 is "0", NAND gates 60 and 62 output "1", 
thereby pre-charging the input terminals 11/12 of the signal 
receiver via the transmission line. At this time, the 
feedback signals FB/FB are set at "1". When the control 
signal 01 changes from "0" to "1", the NAND gates 60 and 62 
10 are like inverters (because the control signal 01 and 
feedback signals FB/FB are "1"), so the input data IN 
generates a differential signal and sends it to the output 
terminals OUT/ OUT. Thus, the voltage on one of the output 
terminals OUT/ OUT falls down. On the other hand, the logic 
15 value on the output terminals OUT/ OUT will be sent to the 
input terminal of NAND gates 61 and 63. When the voltage 
value on the output terminals OUT/ OUT is changed to a degree 
that it is possible to identify the logic value, the feedback 
signals FB/FB change accordingly, so after feeding back to 
20 the NAND gates 60 and 62, the voltage going down is pulled 
back, achieving the object of self - isolation . 

The greatest advantage of the self -isolated signal 
transmitter of this embodiment is that it does not need to 
transmit the differential signal of full amplitude to the 
25 transmission line. After a predetermined time period, the 
transmitting path of the differential signal pair to the 
transmission line is equivalently cut off. This 
characteristic corresponds to the signal receiver of the 
present invention: it only needs to detect a local voltage 
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difference to quickly recover to a signal with the normal 
logic level. Therefore, the power consumption in the 
transmitting process is reduced in the signal transmitter, 
attaining the object of reducing the power. 
5 While the invention has been described by way of example 

and in terms of the preferred embodiment, it is to be 
understood that the invention is not limited to the disclosed 
embodiments. On the contrary, it is intended to cover 
various modifications and similar arrangements as would be 
10 apparent to those skilled in the art. Therefore, the scope 
of the appended claims should be accorded the broadest 
interpretation so as to encompass all such modifications and 
similar arrangements. 



-36- 



Client's ref. : 890014/2000 . 11 . 1 
File: 0356-5131US/Final/EW/jY 

WHAT IS CLAIMED IS: 



1 1. A signal receiver for receiving a differential input 

2 signal pair through an external differential input terminal 

3 pair, comprising: 

4 a positive feedback differential amplifier having a 

5 differential input terminal pair and a differential output 

6 terminal pair; 

7 a coupling circuit, coupled to the external differential 

8 input terminal pair, the differential input terminal pair and 

9 the differential output terminal pair, for coupling the 

10 differential input signal pair on the external differential 

11 input terminal pair to the differential input terminal pair; 

12 and 

13 a pre-charger for pre-charging the differential input 

14 terminal pair to a predetermined voltage level; 

15 wherein the differential input terminal pair is coupled 

16 to the external differential input terminal pair before a 

17 first time point, the differential input signal pair enters 

18 into the differential input terminal pair of the positive 

19 feedback differential amplifier via the coupling circuit 

20 after the first time point, and the positive feedback 

21 differential amplifier is activated to amplify the entered 

22 differential input signal pair and outputs to the 

23 differential output terminal pair at a second time point a 

24 predetermined period after the first time point. 

1 2. The signal receiver as claimed in claim 1, wherein 

2 the coupling circuit includes a first coupling circuit and a 
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3 second coupling circuit, the first coupling circuit 

4 comprising: 

5 a first transistor of a first type; and 

6 a second transistor of a second type, wherein the gates 

7 of the first transistor and the second transistor are coupled 

8 to a first terminal of the differential output terminal pair, 

9 sources of the first transistor and the second transistor are 

10 coupled to a first terminal of the differential input 

11 terminal pair, and a drain of the first transistor serves as 

12 a first terminal of the external differential input terminal 

13 pair; 

14 and the second coupling circuit comprising: 

15 a third transistor of the first type; and 

16 a fourth transistor of the second type, wherein gates of 

17 the third transistor and the fourth transistor are coupled 

18 together to a second terminal of the differential output 

19 terminal pair, sources of the third transistor and fourth 

20 transistor are coupled together to a second terminal of the 

21 differential input pair, and a drain of the third transistor 

22 serves as a second terminal of the external differential 

23 input terminal pair. 

1 3. The signal receiver as claimed in claim 2, wherein 

2 the first type transistors are PMOS transistors, the second 

3 type transistors are NMOS transistors, and drains of the 

4 second transistor and the fourth transistor are connected to 

5 the ground. 

1 4. The signal receiver as claimed in claim 2, wherein 

2 the first type transistors are PMOS transistors, the second 
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3 type transistors are NMOS transistors, and drains of the 

4 second transistor and the fourth transistor are connected to 

5 a high voltage . 

1 5. The signal receiver as claimed in claim 1, wherein 

2 the coupling circuit includes a first coupling circuit and a 

3 second coupling circuit, the first coupling circuit 

4 comprising: 

5 a first capacitor having a first end coupled to a first 

6 terminal of the external differential input terminal pair; 

7 and 

8 a fifth transistor having a gate connected to a first 

9 terminal of the differential output terminal pair, and a 

10 drain connected to a second end of the first capacitor and a 

11 first terminal of the differential input terminal pair; 

12 and the second coupling circuit comprising: 

13 a second capacitor having a first end coupled to a 

14 second terminal of the external differential input terminal 

15 pair; and 

16 a sixth transistor having a gate connected to a second 

17 terminal of the differential output terminal pair, and a 

18 drain connected to a second end of the second capacitor and a 

19 second terminal of the differential input terminal pair. 

1 6. The signal receiver as claimed in claim 5, wherein 

2 the fifth transistor and the sixth transistor are NMOS 

3 transistors having sources connected to the ground. 

1 7. The signal receiver as claimed in claim 5, wherein 

2 the fifth transistor and the sixth transistor are PMOS 
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3 transistors, having their sources connected to a high 

4 voltage . 

1 8. The signal receiver as claimed in claim 1, wherein 

2 the pre-charger comprises: 

3 a first local control transistor having a gate connected 

4 to a first control signal for pre-charging a first terminal 

5 of the differential input terminal pair to the predetermined 

6 voltage level before the first time point, the first local 

7 control transistor being turned off after the first time 

8 point ; and 

9 a second local control transistor having a gate 

10 connected to the first control signal for pre-charging a 

11 second terminal of the differential input terminal pair to 

12 the predetermined voltage level before the first time point, 

13 the second local control transistor being turned off after 

14 the first time point; 

15 wherein the external differential input terminal pair 

16 are pre-charged to the predetermined voltage level before the 

17 first time point and the positive feedback differential 

18 amplifier is controlled with a second control signal for 

19 defining the second time point. 

1 9. The signal receiver as claimed in claim 1, wherein 

2 the pre-charger comprises: 

3 a third local control transistor having a gate connected 

4 to a second control signal, and a source and a drain 

5 connected to the differential output terminal pair, wherein 

6 the second control signal is used for defining the second 

7 time point. 
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1 10. A signal receiver for receiving an independent input 

2 signal via an external input terminal, comprising: 

3 a positive feedback differential amplifier having a 

4 differential input terminal pair and a differential output 

5 terminal pair; 

6 a coupling circuit, coupled to the external input 

7 terminal, the differential input terminal pair and the 

8 differential output terminal pair, for coupling the 

9 independent input signal on the external input terminal to 

10 the differential input terminal pair; and 

11 a pre-charger for pre-charging the differential input 

12 terminal pair to a predetermined voltage level; 

13 wherein one of the differential input terminal pair is 

14 coupled to the external input terminal before a first time 

15 point, wherein the independent input signal enters the 

16 differential input terminal pair of the positive feedback 

17 differential amplifier via the coupling circuit after the 

18 first time point, and the positive feedback differential 

19 amplifier is activated to amplify the entered independent 

20 input signal and outputs to the differential output terminal 

21 pair at a second time point a predetermined period after the 

22 first time point. 

1 11. The signal receiver as claimed in claim 10, wherein 

2 the coupling circuit includes a first coupling circuit and a 

3 second coupling circuit, the first coupling circuit 

4 comprising: 

5 a first capacitor having a first end coupled to the 

6 external input terminal; and 
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7 a first transistor having a gate connected to a first 

8 terminal of the differential output terminal pair, and a 

9 drain connected to a second end of the first capacitor and a 

10 first terminal of the differential input terminal pair; 

11 and the second coupling circuit comprising: 

12 a second capacitor having a first end connected to a 

13 fixed voltage level; and 

14 a second transistor having a gate connected to a second 

15 terminal of the differential output terminal pair, and a 

16 drain connected to a second end of the second capacitor and a 

17 second terminal of the differential input terminal pair. 

1 12. The signal receiver as claimed in claim 11, wherein 

2 the first transistor and the second transistor are NMOS 

3 transistors having sources connected to the ground. 

1 13. The signal receiver as claimed in claim 11, wherein 

2 the first transistor and the second transistor are PMOS 

3 transistors having sources connected to a high voltage. 

1 14. The signal receiver as claimed in claim 10, wherein 

2 the pre-charger comprises: 

3 a first local control transistor having a gate connected 

4 to a first control signal for pre-charging a first terminal 

5 of the differential input terminal pair to the predetermined 

6 voltage level before the first time point, the first local 

7 control transistor being turned off after the first time 

8 point ; and 

9 a second local control transistor having a gate 

10 connected to the first control signal for pre-charging a 
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11 second terminal of the differential input terminal pair to 

12 the predetermined voltage level before the first time point, 

13 the second local control transistor being turned off after 

14 the first time point ; 

15 wherein the external input terminal is pre-charged to 

16 the predetermined voltage level via the coupling circuit 

17 before the first time point and the positive feedback 

18 differential amplifier is controlled with a second control 

19 signal for defining the second time point. 

1 15. A signal transmitter for transmitting a differential 

2 input signal pair to a transmission line via an external 

3 differential output terminal, comprising: 

4 a control circuit, controlled by a first control signal 

5 for defining a first time point, for pre-charging the 

6 transmission line to a predetermined voltage level via the 

7 external differential output terminal before the first time 

8 point, and transmitting the differential input signal pair to 

9 the transmission line after the first time point. 

1 16. The signal transmitter as claimed in claim 15, 

2 wherein the control circuit is a differential circuit coupled 

3 to the external differential output terminal and controlled 

4 by the first control signal, wherein the differential circuit 

5 has a dynamic load controlled by the first control signal for 

6 pre-charging the transmission line to the predetermined 

7 voltage level . 

1 17. The signal transmitter as claimed in claim 15, 

2 wherein the control circuit is a differential circuit coupled 
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3 to the external differential output terminal and controlled 

4 by the first control signal, wherein the differential circuit 

5 has a fixed load for pre-charging the transmission line to 

6 the predetermined voltage level. 

1 18. The signal transmitter as claimed in claim 15, 

2 wherein the control circuit includes: 

3 a first logic gate having an input terminal pair coupled 

4 to the first control signal and a first signal of the 

5 differential input signal pair, and an output terminal 

6 coupled to a first terminal of the external differential 

7 output terminal, for pre-charging a first path of the 

8 transmission line to the predetermined voltage level via the 

9 first terminal of the external differential output terminal 

10 before the first time point, and substantially transmitting 

11 the first signal of the differential input signal pair to the 

12 first path of the transmission line after the first time 

13 point; and 

14 a second logic gate having an input terminal pair 

15 coupled to the first control signal and a second signal of 

16 the differential input signal pair, and an output terminal 

17 coupled to a second terminal of the external differential 

18 output terminal, for pre-charging a second path of the 

19 transmission line to the predetermined voltage level via the 

20 second terminal of the external differential output terminal 

21 before the first time point, and substantially transmitting 

22 the second signal of the differential input signal pair to 

23 the second path of the transmission line after the first time 

24 point . 
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1 19. The signal transmitter as claimed in claim 18, 

2 wherein the first logic gate and the second logic gate are 

3 NAND gates . 

1 20. The signal transmitter as claimed in claim 18, 

2 wherein the first logic gate and the second logic gate are 

3 NOR gates. 

1 21. The signal transmitter as claimed in claim 15, 

2 wherein the control circuit substantially cuts off the 

3 interconnection between the differential input signal pair 

4 and the transmission line within a predetermined period after 

5 the first time point. 

1 22. The signal transmitter as claimed in claim 21, 

2 wherein the control circuit includes: 

3 a first differential circuit having an input terminal 

4 pair connected to the first control signal and the external 

5 differential output terminal, and an output terminal pair for 

6 outputting a feedback signal pair; and 

7 a second differential circuit having an input terminal 

8 pair connected to the first control signal, the differential 

9 input signal pair and feedback signal pair, and an output 

10 terminal pair connected to the external differential input 

11 terminal. 

1 23. The signal transmitter as claimed in claim 21, 

2 wherein the control circuit comprises: 

3 a first logic gate having an input terminal connected to 

4 the first control signal, a first signal of the differential 
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5 input signal pair and a first feedback signal, and an output 

6 terminal connected to a first terminal of the external 

7 differential output terminal; 

8 a second logic gate having an input terminal connected 

9 to the first control signal, a second signal of the 

10 differential input signal pair and a second feedback signal, 

11 and an output terminal connected to a second terminal of the 

12 external differential output terminal; 

13 a third logic gate having an input terminal connected to 

14 the first control signal and the first terminal of the 

15 external differential output terminal, and an output terminal 

16 for outputting the first feedback signal; and 

17 a fourth logic gate having an input terminal connected 

18 to the first control signal and the second terminal of the 

19 external differential output terminal, and an output terminal 

20 for outputting the second feedback signal. 

1 24. The signal transmitter as claimed in claim 23, 

2 wherein the first logic gate, the second logic gate, the 

3 third logic gate and the fourth logic gate are NAND gates. 

1 25. A signal transmission system, mounted into a chip 

2 and having a signal transmitter and a signal receiver 

3 connected with each other by a transmission line, wherein the 

4 signal transmitter transmits a differential input signal pair 

5 to the transmission line via an external differential output 

6 terminal pair and the signal receiver receives the 

7 differential input signal pair via the external differential 

8 input terminal pair, the signal transmitter comprising: 
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9 a control circuit, controlled by a first control signal 

10 for defining a first time point for pre-charging the 

11 transmission line to a predetermined voltage level via the 

12 external differential output terminal pair before the first 

13 time point, and substantially transmitting the differential 

14 input signal pair to the transmission line after the first 

15 time point; 

16 and the signal receiver comprising: 

17 a positive feedback differential amplifier having a 

18 differential input terminal pair and a differential output 

19 terminal pair; 

20 a coupling circuit, coupled to the external differential 

21 input terminal pair, the differential input terminal pair and 

22 the differential output terminal pair, for coupling the 

23 differential input signal pair on the external differential 

24 input terminal pair to the differential input terminal pair; 

25 and 

26 a pre -charger for pre-charging the differential input 

27 terminal pair to the predetermined voltage level; 

28 wherein the differential input terminal pair is coupled 

29 to the external differential input terminal pair before the 

30 first time point, wherein the differential input signal pair 

31 enters the differential input terminal pair of the positive 

32 feedback differential amplifier via the coupling circuit 

33 after the first time point, and the positive feedback 

34 differential amplifier is activated to amplify the entered 

35 differential input signal pair and outputs to the 

36 differential output terminal pair at the second time point a 

37 predetermined period after the first time point . 
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1 26. The signal transmission system as claimed in claim 

2 25, wherein the control circuit substantially cuts off the 

3 interconnection between the differential input signal pair 

4 and the transmission line within a predetermined period after 

5 the first time point. 
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ABSTRACT OF THE DISCLOSURE 

A transmission system structure including a signal 
receiver and a signal transmitter. The signal transmitter 
5 that transmits a differential input signal pair to the 
transmission line is mainly used for pre-charging the input 
terminal of the signal receiver to a predetermined voltage 
level. The differential signal pair is transmitted to the 
transmission line after pre-charging. The signal receiver 

10 includes a positive feedback differential amplifier, a 
coupling circuit and pre-charging device. The pre-charger can 
pre-charge the differential input terminal of the positive 
feedback differential amplifier to the predetermined voltage 
level. During evaluation, the coupling circuit couples from 

15 the input terminal to the differential input terminal. When 
there is a sufficient voltage difference on the differential 
input terminals, the positive feedback differential amplifier 
is turned on to amplify the entered differential input signal 
and outputs it to the differential output terminal. 



-49- 



T3 



Q2 ■ 
11,12 

IA.IB 
01,02 



T1 T2 

i | 

1 -H 
1 1 

1 

1 




















! 

1 
1 




J i 


v^y / 


_J j 


i < 

i 



ZL 



X 



FIG. 3 



01'- 

a2'- 

I1\I2'- 
lA'.IB'- 



01', 02 



•_7 



FIG. 4 



_J 


I 
I 

1 1 

1 










1 
1 




I 5 




1 



VDD VDD VDD VDD 



INV3 



-34 



PMOS 
differential circuit 



INV4 



qsH[^N13 

FIG. 5a 



VDD VDD 
[P18 P19] 



OUT- 



* 1 




r * 








r 


32 






PMOS 








differential circuit 





OUT 



(21— |[^N20 

FIG. 5b 



VDD 
J1HLP13 



-30 



INV1 



OUT 




PMOS 
differential circuit 



1 



INV2 



J[Vl14 (21HU N15 N16^]| — Gl1'N17pl- 




FIG. 5c 



OUT 



VDD 

1 r36 



PMOS 
differential circuit 



OUT- 



VDD 



VDD 



OUT 



"IH[|n18 N19]|J~ 



FIG. 5d 



3> 



47 



01 



OUT/OUT 



01 



OUT/OUT 



,-40 

a1 — \ _y — out > n 

^41 

"7T=L> OUT >I2 

FIG. 6a 

,-45 

q1 ' — ^ jy. — out > IT 

,-£-46 

"^rfl> OUT >I2' 

FIG. 6b 

17 \ 7 

FIG. 6c 

7 \ / 
3 / \ 

FIG. 6d 



01 



DFF h — 50 



VDD 



VDD 'I 
C1 



1 pi|^ — w — ^ 



N11 



12 VDD 
C2 



— HLN9 N101H— 



/° 2 =|= P6J|>— 051 



N12 



01 

02 
IA/IB 

01/02 
11/12 



FIG. 8a 



T9 

I ! At 



FIG. 8b 



VDD 



VDD 11 



T 



IA 

N11 



VDD VDD 



I C1 V 1L, r ^ C2 I 

02HLP5 4= °N A V 02 4= P6>-<H 



N12 



FIG. 9a 



01 

(22 
IA/IB 

01/02 
11 



i i 
i i 



~1 


-I 1 

1 

1 1 




1 








1 




1 1 




t \ 




! 
1 





FIG. 9b 



OUT 




01 

OUT/OUT 
OUT/OUT 
FB/FB 



1 




















1 — 1^ 


V / 




j> 


u / 





FIG. 10b 




OUT *I1 



OUT > 12 



FIG. 11a 



01 ~ a / V. 

OUT/OUT 



FB/FB / V 



FIG. lib 



f ML 



PLEASE NOTE: 
YOU MUST 
COMPLETE THE 
FOLLOWING 



Attorney Docket No. 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 0941 -01 87P 

P.O. Box 747 -Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 • Facsimile: (703) 205-8050 

COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT AND DESIGN APPLICATIONS 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as stated next to my name; that I verily 
believe that I am the original, first and sole inventor (if only one inventor is named below) or an original, first and joint inventor (if plural 
inventors are named below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

RECEIVER AND TRANSMITTER IN A TRANSMISSION SYSTEM 

the specification of which is attached hereto. If not attached hereto, 
the specification was filed oi 



United States Application Number _ 

and amended on 

the specification was filed on 



_ (if applicable) 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by 
any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, §1.56. 

I do not know and do not believe the same was ever known or used in the United States of America before my or our invention thereof, or 
patented or described in any printed publication in any country before my or our invention thereof or more than one year prior to this application, 
that the same was not in public use or on sale in the United States of America more than one year prior to this application, that the invention has 
not been patented or made the subject of an inventor's certificate issued before the date of this application in any country foreign to the United 
States of America on an application filed by me or my legal representative or assigns more than twelve months (six months for designs) prior to 
this application, and that no application for patent or inventor's certificate on this invention has been filed in any country foreign to the United 
States of America prior to this application by me or my legal representatives or assigns, except as follows. 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 19(a)-(d) of any foreign application(s) for patent or inventor's 
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that of 
the application on which priority is claimed: 



Prior Foreign Application(s) 



Priority Claimed 



^formation: 


99108589 


Taiwan, R.O.C. 


05/W3QQQ 


B 


□ 


flMppropriate) 


(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 
□ 


No 
□ 




(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 
□ 


No 
□ 




(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 
□ 


No 
□ 




(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 


No 



I hereby claim the benefit under Title 35, United States Code, §1 19(e) of any United States provisional applications(s) listed below. 



(Application Number) 



(Application Number) (Filing Date) 

All Foreign Applications, if any, for any Patent or Inventor's Certificate Filed More than 12 Months (6 Months for Designs) Prior to the Filing 
Date of This Application: 

Country Application Number Date of Filing (Month/Day/Y ear) 



Insert Prior U S 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States and/ or PCT applications) listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in the prior United States and/or PCT application in the manner 
provided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge the duty to disclose information which is material to the 
patentability as defined in Title 37, Code of Federal Regulations, §1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application. 



(Application Number) 



(Status - patented, pending, abandoned) 



Page 1 of 2 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



0941-0187P / t ' 

Attorney Docket No. 

I hereby appoint the following attorneys to prosecute this application and/or an i™ tio ^.fPP«^ 
isact all business in the Patent and Trademark Office connected therewith and m connection with the je autangpatent based on instructions 



e attorneys identified belov 



iniess the inventor(s) or assignee provides 



Raymond C. Stewart 
Joseph A. Kolasch 
Bernard L. Sweeney 
Charles Gorenstein 
Leonard R. Svensson 
Andrew D. Meikle 
Joe McKinney Muncy 
John W. Bailey 
Gary D. Y acura 

Send Correspondence to: 



Reg. No. 21,066) 
: Reg. No. 22,463) 
Reg. No. 24,448) 
: Reg. No. 29,271) 
Reg. No. 30,330) 
Reg. No. 32,868) 
Reg. No. 32,334) 
No. 32,881) 
(Reg. No. 35,416) 



Terrell C. Birch 
James M. Slattery 
Michael K. Mutter 
Gerald M. Murphy, Jr. 
Terry L. Clark 
Marc S. Weiner 
Donald J. Daley 
John A. Castellano 



(Reg. No. 19,382) 
(Reg. No. 28,380) 
(Reg. No. 29,680) 
(Reg. No. 28,977) 



(Reg. 
(Reg. 
(Reg. 
(Reg. 



No. 32,644) 
No. 32,181) 
No. 34,313) 
No. 35,094) 



PLEASE NOTE: 
YOU MUST 
COMPLETE 
THE 

FOLLOWING: 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 

P.O. Box 747 • Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 • Facsimile: (703) 205-8050 



Customer No. 2292 



n information and belief ar 



I herebv declare that all statements made herein of my own knowledge are true and that all si™..- 

believed to Ke and further that these statements were made with the knowledge that willful false statements and the like so made a 
pSatk fby fiS orlmprison^ent or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements m 
jeopardize the validity of the application or any patent issued thereon. 



INVENTOR'S SIGNATURE 



GIVEN NAME/FAMILY NAME 
Hong-Yi HUANG (family name: Hi 
Residence (City, State & Country) 

Taipei, Taiwan, R.O.C. 

POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 
No. 207, Hu-Lin St., Hsin-Yi District, Taipei, Taiwan, R.O.C 



DATE* 



CITIZENSHIP 
Taiwan, R.O.C. 



GIVEN NAME/FAMILY NAME 



Residence (City, State & Country) 



INVENTOR'S SIGNATURE 



POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 



GIVEN NAME/FAMILY NAME 



INVENTOR'S SIGNATURE 



Residence (City, State & Country) 



POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 



CITIZENSHIP 



GIVEN NAME/FAMILY NAME 



INVENTOR'S SIGNATURE 



Residence (City, State & Country) 




CITIZENSHIP 




POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 




GIVEN NAME/FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City, State & Country) 


CITIZENSHIP 





POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 



*DATE OF SIGNATURE 



